A new type of resonant enhanced photodetectors based on the one dimensional photonic bandgap is proposed. It can potentially overcome problems encountered in resonant-cavity-enhanced photodetectors.
INTRODUCTION
It is well known that performance of optoelectronic devices is enhanced by placing the active device structure inside a resonant cavity. In such structures, the presence of the cavity causes a large enhancement of resonant optical field at discrete wavelengths. In particular, this effect has been demonstrated in the realization of high speed photodetectors with thin absorption layers [1] . Both wavelength selectivity and high speed response make them ideal for wavelength division multiplexing (WDM) applications.
Usually, resonant cavity enhanced (RCE) photodetectors have a vertical, i.e., normal-to-the- and wide bandwidth ( 50 nm) have been demonstrated. [2, 3] .
In recent years, much research effort has been devoted to the development of silicon-based optical receivers operating at wavelengths beyond the absorption edge of Si (viz., >1 .1 .tm). In particular, as an alternative to the complicated wafer bonding techniques necessary to bond InP-based photomc devices to Si, epitaxial growth of narrow bandgap SiGe alloys on Si substrates has been successfully exploited [4] [5] [6] .
However the limitation on film thickness imposed by the strain, and the small absorption coefficient of SiGe alloys limit the quantum efficiency of SiGe photodetectors. Application of the RCE concept to SiGe detectors is mainly limited by the allowable strain and refractive index contrast of the SiGe alloy at the wavelengths of interest for optical fiber communication (i.e., 1.3 and 1.55 rim) [1] . As a result, SiISiGe approach to realize a resonant cavity using cleaved facets is not compatible with monolithic integration.
In this communication we propose a new class of resonant enhanced photodetectors based on waveguide structures with a high contrast Bragg grating overlay. The photomc bandgap (PBG) effect is exploited by incorporating single or cascaded phase-slip regions in the grating (see fig.l II.
THEORY
A Bragg grating can be effectively represented as a multilayer structure made of layers with uniform refractive index. For this reason the calculation of the reflectivity and transmitivity of a PBG can be greatly simplified by using the "characteristic matrix" formalism according to which the whole structure is represented by a 2x2 matrix (M) relating the forward (+) and backward (-) propagating electric field amplitudes (E) at the device input to that one at the output:
The matrix M is constructed by sequentially multiplying, from the input toward the output, the This happens in analogy with the effect caused by a defect in an electronic crystal, viz., the appearance of an allowed energy state inside the crystal energy band-gap [19] . Figure 2 shows the average power intensity (lay.) at the device output and in the center of the defect as a function of the wavelength for the structure shown in Fig la. A unitary power intensity is assumed to impinge on the device input. Moreover, in all the simulation, the higher refractive index hj has been fixed to 3.7, and the Bragg wavelength to 1550 nm. In particular, the plots in Fig. 2 refer to a PBG whose input and output sections have a number of periods N1 000, and whose depth of the refractive index step (zln = hig1 ni0) is 0.0 1 . In general, increasing the number of periods results in a sharper resonance whereas increasing n mainly widens the stopband along with further narrowing of the resonance peak.
The transmission spectral characteristics of a PBG with N=l000 and An0.Ol are comparable to that of a 2OO-.tm-long Fabry-Perot cavity whose mirrors have reflectivity greater than 90 %. We have discussed the difficulty of realizing SiISiGe Fabry-Perot cavity with such a high mirror reflectivity. PBGbased devices could overcome these problems. Moreover, the wide free-spectral-range characterizing If the defect has a length (iD) other than /2n, the transmission peak does not appear at the center of the stop-band. Figs. 3 and 4 show the response of PBGs with central defects of /3n and 2p/].5n, respectively (N1000, and zlnO.O1). This effect can be used to tune the resonant wavelength inside the stop-band. For instance, changing the optical length of the defect by means of the thermo-optic effect [20] can perform a wavelength tuning. A second way to tune the resonant wavelength is that of changing the optical length of both the defect and the mirrors. Changing, for instance, the temperature of the entire PBG structure can achieve this. In this case a shift of the stop-band along with the central transmission peak is : Optical intensity at the input, at the first defect, at the second defect and at the output (from top to bottom) for two weakly coupled defects..
Coupled PBG Cavities
Recent studies on cascaded PBGs report the presence of coupling causing a splitting of the resonant transmission peak inside the stop-band [9] . A proposal for an optical demultiplexer based on this effect has also been reported [15] . For the simplest case of only two cascaded defects, when Lmt < 2 Lext (see fig. ib ), the central transmission peak at 2B splits in two symmetrical peaks. The separation is inversely proportional to Lmt. This result can be generalized to the case of more than two cascaded cavities where, under the stated condition, the central peaks splits in a number of peaks equal to the number of resonators.
By calculating the field distribution inside the device, we observe that the effect of splitting of the transmission peaks reflects the splitting in 2 of the resonant power intensity inside the defects. As a consequence, the condition required for forcing the cascaded resonators to have a resonant peak centered : Intensity as afunction of wavelength at the input, at the first defect, at the second defect and at the output of the structure. The structure is schematically described in figure 7 . The intensity is uniformly distributed over the two defects. An absorption of a=lOcm' is included.
'av('2B) along the structure due to the absorption attenuation effect is evident. Although the condition Lj 2
Lext 15 satisfied, the average power intensity is no longer uniformly distributed among the different cascaded defects.
Resorting to the coupled-defects scheme of fig.7 can solve this problem. In fact, in such a structure the weak-coupling condition is still satisfied and defects are forced to have a resonant peak centered at ?'.B
But the value Oflav(2B) obtained in the i-th (i=1 ,K) defect increases dramatically with the length L, i.e., with the mirror reflectivity. Therefore, structures with L1<L2<. . .<LK, allow realization of devices (with nonzero absorption) where the power intensity is distributed uniformly among the different defects. In these devices, the attenuation is compensated by asymmetry in mirrors. In Fig.8 , the same analysis of Fig. 6 is reported for a cascaded PBG with two weakly-coupled it/2 defects, in the case of asymmetric mirror lengths (L1=7Oim, L2"13O.tm), and of a lossy structure (aeff.1° cm') zlnO.O1. The uniform Iav(B) obtained in the two defects is evident.
Our main interest in cascade-PBGs has been initially driven by ability to realize coupled-cavity : Intensity at the output ofthe structure and at thefirst second and third (Defect). The cavities are weakly coupled. The resonant wavelength for each cavity was designed with a 2nm increment. The intensity at a resonant wavelength is located at the corresponding defect making this type of structure suitablefor WDM application.
0.5 0 the weakly-coupled distributed-resonance structures depicted in Fig. 7 by designing each section (for instance, the i-th, with i=1 ,K) so that its resonant wavelength (%Bi) coincides with one of the particular wavelengths to be detected. In Fig. 9 we report the results of a PBG with 3 weakly-coupled defects. The sections are tuned to Bragg wavelengths of 1550, 1552, and 1554 nm. The plots refer to a non-lossy structure with L1=L2=L3=200 sm, and An=O.O1 . Each wavelength is selectively enhanced in a single defect.
Such structures offer simultaneous demultiplexmg and detection of WDM signals.
Iv. CONCLUSIONS
In summary, we have proposed a new type of resonant enhanced photodetectors based on onedimensional photonic bandgap. High quality factor and large FSR resonant cavities can be obtained by incorporating defect in the PBG structure.
Using the matrix formalism, we have studied transmission and reflection spectra, and the internal electric field distribution. A detailed analysis of weakly coupled cavity has been carried out. We have shown that the intensity distribution can be uniformly distributed between the cavities by changing the different length of the grating.
Finally, we have proposed a new type of photodetector for WDM applications. The structure consists of weakly couple cavities with different resonant frequencies. The electric field distribution calculations show that the electric field for a given resonant frequency is located only at the defect. 
